Tricarboxylic acid cycle metabolites in the control of macrophage activation and effector phenotypes.
The tricarboxylic acid (TCA) cycle is a mitochondrial metabolic hub that coordinates the metabolism of carbohydrates, proteins, and fats into carbon dioxide and ATP. At specific points in the cycle, the diversion, import, or export of TCA metabolites allows for the dynamic regulation of a variety of tissue and/or cell-specific phenotypic processes. Recent studies have identified that a number of TCA metabolites are important in controlling monocyte/macrophage phenotypes and effector functions while specific macrophage activation or polarization states functionally determine the relative utilization of each. This review focuses on the metabolic reprogramming of the TCA cycle in macrophages and how individual metabolites play a variety of context-specific roles in determining physiologic and pathologic macrophage activation and homeostatic functions. We discuss the implications of these findings and address unanswered questions regarding the role of the TCA cycle in guiding macrophage-dependent immune responses.